available concentrated bleach) for 2 min, washed with sterile water and dried with filter 1 0 2
paper. All samples were placed into 9 cm petri dishes containing potato dextrose agar 1 0 3 (PDA). Fifty milligrams of Agrimycin-343 was added to the medium after autoclaving. Plates were incubated at 25˚C±2 for 5 days and then a single Fusarium spp. spore was petri dish containing PDA for use in pathogenicity assays. For the pathogenicity assays, F. culmorum isolates were grown on autoclaved millet seed. First, one kilogram of millet seed was soaked in water for 12 h, then the water was 1 1 2 drained, and several 250 ml flasks were filled with 50 g each of this millet seed and F. culmorum colony was placed into each flask and incubated at 25±2˚C for 14 days. Pathogenicity tests were then performed on wheat seedlings. A 1:1 mixture of sterile soil
and peat moss was autoclaved at 121 ˚C and 1.5 kg cm -1 pressure for 1h. This process
was repeated on two separate days. Pots (5 × 10 cm) used in the greenhouse experiments
were filled with the mixture soil and 5 g of F. culmorum inoculum was added to each pot 1 1 9
in the top 5 cm surface layer of the soil. All pots were watered and placed in the greenhouse for 2 days 25±2. Three seeds of Triticum aestivum L. cv. Abu-Ghreeb1 (a Briefly the hyphal tip of the mycelium was harvested with a sterilized needle and placed 1 3 5 in 0.2 ml collection tubes, to which 50 µl extraction solution was added, followed by
incubation at 95˚C for 10 min. The DNA concentrations and quality were measured to 1 3 7 ensure quality using a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific,
USA), qualitative analyses of DNA were carried out via agarose gel electrophoresis. conditions were as follows: an initial denaturation at 95˚C for 5 min followed by 35
cycles of denaturation at 94˚C for 50 s, annealing at 53˚C for 50 s, extension at 72˚C for 1 1 4 8 min, and a final extension at 72˚C for 7 min. Amplification products were visualized on 1 4 9
1.0% agarose gel stained with SYBR™ safe DNA gel stain in 1X TAE (Invitrogen™,
Carlsbad, CA, USA). Amplification of a product approximately 700 bp long was 1 5 1 generated by PCR from the DNA template. The PCR products of TEF-1α were prepared for sequencing by cleaning up with the
QiAquick® PCR purification kit (city? Bogota?, Colombia). Sequencing was carried out and aligned using MEGA6 software and the sequences were compared with those in Alignment Search Tool (BLAST). All sequences of the isolates were sent to GenBank to 1 6 0 obtain accession numbers. Genetic diversity study
F. culmorum isolates collected from different regions of Iraq were genotyped using three
primer pairs designed to amplify multiple regions of the genome simultaneously: (1)
REP1R-Dt (5´-III NCGNCATCNGGC-3´) and REP-2G (5´-GCGGCTTATCGG GCCTAC-3´) for REP; (2) ERIC 1 (5´-ATG TAAGCTCCTGGGGATTCAC-3´) and
ERIC 2 (5´-AAGTAAGTGACTGG GGTGAGCG-3´) for ERIC, and (3) BOX-A1R (5´- PCR conditions were: an initial denaturation at 94˚C for 5 min, followed by 40 cycles of
94˚C for 1 min, an annealing step of 50˚C (BOX and ERIC) or 37˚C (REP) for 1 min,
and an extension at 72˚C for 2 min, followed by a final extension at 72˚C for 15 min.
Amplification products were visualized on 1.5% agarose gels with SYBR™ safe DNA gel
stain in 1X TAE (Invitrogen TM ). In total, 410 potential markers were generated by this comparisons. Single and shared fragments were analyzed using by Multivariate Statistical Package (MVSP) 3.22 program, the similarity was calculated according to minimum
variance (Squared Euclidean) (Kovach 2001). The results of species-specific identification using TEF-1α demonstrated that all isolates
used in this study are in fact F. culmorum.
The genetic diversity study showed monomorphic and polymorphic bands pattern. The annealing temperature for the BOX, ERIC and REP primers used in this study were
different from the output provided by Gurel et al. (2010) . In this study, we found the 1 9 9
optimum annealing temperature for the primers was 50˚C for BOX and ERIC, and 37˚C used to evaluation the minimum variance between the strains (Fig. 2) . Minimum variance cluster analysis was used to detect the variance between the F. isolates come from northern, central, and southern Iraq. Isolates IF0022 and IF0026 share the highest similarity values (100% similar). There is
no relationship between the geographic origin of the isolate and its genetic relationship to 2 1 7
other isolates (Fig. 1) . One of the reasons is because of the use of seed that has not been seed source is unknow. of bands and position of appearance for three primers BOX-ERIC2, ERIC-ERIC2 and variance (Squared Euclidean). BOX-ERIC2, (B) ERIC-ERIC2 and (C) REP. Genetic diversity studies of pathogen populations are important for understanding the isolates were non-pathogenic. As the results of our study of the genetic diversity among 29 isolates of F. culmorum location and genetic similarity of the isolates. We suggest that this means that F. temperatures range from around 5 to 15˚C during winter to 45 to 55˚C in the summer. high degree of intra-specific polymorphism among F. culmorum isolates using inter-
